During field applications of Beauveria bassiana for control of Monochamus alternatus larvae living in dead pine trees, differences of mortalities by application date could not be analyzed due to variability in timing of oviposition. To solve this problem, pine logs with eggs of the same age were obtained by exposing logs to female beetles for one day in a screened cage in July or August. Nonwoven fabric strips impregnated with B. bassiana cultures were applied to the logs in September. Infection rate by B. bassiana was higher among larvae from eggs laid in August compared with those from eggs laid in July. Among the logs oviposited on the same day, the infection rate was higher in those with 4 strips/2 m than those with 1.5 strips/2 m. The results of the experiment showed that control of M. alternatus by applying nonwoven fabric strips with B. bassiana was more effective when the fungus was applied to young larvae located under the bark instead of older larvae further within the wood.
INTRODUCTION
Pine wilt is the most important disease of pine trees in Japan. The pathogen causing this disease, the pinewood nematode (Bursaphelenchus xylophylus), is transmitted by the Japanese pine sawyer, Monochamus alternatus (Coleoptera: Cerambycidae). To control this disease, chemical insecticides have been used to kill M. alternatus and thus prevent transmission of the pathogen. studied microbial control of this insect, and suggested that an entomopathogenic fungus, Beauveria bassiana shows promise as a control agent of M. alternatus larvae. Shimazu et al. (1995) cultured this fungus on nonwoven fabric strips, applied the strips to infested trees, and obtained relatively high mortalities of the larvae. This method of application is thought to be the most convenient and effective method for using B. bassiana to control M. alternatus larvae (Shimazu, 1997) .
First to 3rd stadium larvae of M. alternatus feed on the phloem and cambium of pine trees, while 4th instars begin boring into sapwood about 35 to 45 days after oviposition (Kishi, 1995) . In Ibaraki Prefecture, approximately 10%, 50% and 90% of larvae completed construction of pupal chambers in the beginning of October, November and December, respectively (Kishi, 1980) . Usually, nonwoven fabric strips with B. bassiana are applied between July and October, before larvae create tunnels and pupal chambers in the wood. Early application by this method has been thought to produce higher mortality of larvae because early instars directly beneath the bark receive more exposure to the fungus and generally young larvae are more susceptible to B. bassiana compared with old larvae (Feng et al., 1985) . However, since oviposition timing of M. alternatus on dead pines in the field is not synchronous, testing the effectiveness of early versus late application has not been possible. To test this hypothesis, we exposed pine boles to M. alternatus adults in a screened cage for limited periods for oviposition to obtain uniform-aged larvae, and then applied nonwoven fabric strips with B. bassiana at two doses to compare larval mortality depending on larval age.
MATERIALS AND METHODS
To obtain fresh adults of M. alternatus for oviposition, pine wilt-killed Pinus densiflora trees in which M. alternatus larvae were feeding were cut down at Chiyoda, Ibaraki Prefecture, and those boles were placed in a screened cage. Emerged adults of the beetles from the pine boles were captured and reared individually in plastic cups (11 cm diameter, 5 cm depth). One day before oviposition, the adults were placed in pairs in the cup, and females after pairing were used for oviposition.
Healthy P. densiflora trees at Kukisaki, Ibaraki Prefecture were felled, cut into 2 m long logs (middiameter: 4.8-13.7 cm) and air-dried in a screened cage for oviposition. The mated females were released on the logs in the screened cage, and were allowed to deposit eggs for 24 h. The felling of pine trees and oviposition by beetles were carried out twice; felling trees on 16 July 1997 and allowing oviposition on 28 July 1997 as the early oviposition, and felling on 4 August 1997 and allowing oviposition on 15 August 1997 as the late oviposition. The logs were placed in a screened cage after the oviposition until application of nonwoven fabric strips with B. bassiana to exclude wild insects.
B. bassiana F-263 isolated from a cadaver of a M. alternatus larva from Kumamoto Prefecture was used in the experiment. This isolate is one of the most virulent to M. alternatus, and has been used through a series of control experiments against this insect (Shimazu and Kushida, 1980; Shimazu et al., 1982 Shimazu et al., , 1992 Shimazu, 1994) .
The nonwoven fabric materials (43ϫ5 cm) for the experiment were supplied by Nitto Denko Corporation, Osaka, Japan. The fungus was cultured on the nonwoven fabric strips according to the method of Shimazu et al. (1995) and stored in a refrigerator before use. Density of conidia on the strips was 1-2ϫ10 8 /cm 2 . On 18 September 1997, the logs with M. alternatus eggs laid both on 28 July and 15 August were placed on the ground under a mixed forest of P. densiflora and Quercus serrata at Kukisaki, Ibaraki. Nonwoven fabric strips with the fungus were applied on the upper surface of the logs in parallel to the axes of the logs, and fixed in place using a staple gun (Fig. 1) . On each 2 m log, four strips or 1.5 (22 cm pieceϫ3) strips were applied for treatments, and no strips were applied to controls. These densities of strips were used for each oviposition period (July and August), and five to six logs were used for each experimental treatment. Logs were dissected on 26 to 27 November 1997, and numbers and mortalities of M. alternatus larvae were investigated. Dead larvae with white mycelia growing on bodies or those mummified and pale pink in color were diagnosed as infected.
RESULTS
Approximately 40 to 90% of M. alternatus lar- vae under the bark or in the wood of logs treated with the fungus became infected with B. bassiana (Table 1) . Some larvae in the control plot of the early oviposition were also infected with B. bassiana; however, percent infections in the treatments for both strip densities were significantly higher than percent infection in the controls. Infection rates of larvae in the late oviposition plots were significantly higher than those in the early oviposition plots. Among larvae from eggs laid at the same time, percent infection for those treated with four strips tended to be higher than those treated with 1.5 strips. Most of the larvae from eggs laid in July were found in the wood when investigated by chopping logs. Within this study, percent infection was higher for larvae in the wood compared with those under the bark. On the other hand, most of the larvae from eggs laid in August were still found under the bark, and percent infection under the bark was higher than percent infection for larvae in the wood (Fig. 2) .
DISCUSSION
It has been known that M. alternatus larvae under the bark can be infected with B. bassiana by simply applying nonwoven fabric strips with the fungus onto the outside of the bark (Shimazu et al., 1995) . The infection must be caused by encounter of the larvae with conidia that have reached the larval habitat through some route; however, it has not been experimentally confirmed. Water flow from rain or small animals inhabiting around the bark are thought to carry B. bassiana conidia from the strips to the larval habitat.
Results of field experiments to apply nonwoven fabric strips with B. bassiana have suggested that earlier application provides better control. When Timing for Beauveria bassiana Application 3 reviewing the data obtained from a series of field experiments conducted by the Forestry Agency (1994, 1995, 1996, 1997, 1998, 1999, 2000, 2001 , and unpublished), larval mortalities decreased with increasing application dates (Fig. 3) , although the mortalities were often variable. This relationship between application dates and larval mortalities supports the effectiveness of early application.
The majority of larvae at early application were younger than those at late application. Young larvae are often more susceptible to B. bassiana compared with old larvae (Feng et al., 1985) , while ages of adults did not affect their susceptibility to B. bassiana and Metarhizium anisopliae (Rizzo, 1977) . Another possible factor explaining differential infection levels is the difference in larval behavior of M. alternatus according to age. M. alternatus larvae always live under the bark during first to third stadia, but begin to bore into the sapwood at the fourth stadium (Kishi, 1995) . Thus, younger larvae have more opportunity to encounter the fungus applied onto bark than older larvae. Females of M. alternatus only deposit eggs on weakened or dead pine trees. During their oviposition period, pine trees weakened in March to late August used for oviposition (Okuda et al., 1975; Takeshita, 1980) . For this reason, oviposition dates of M. alternatus may vary widely even within a tree, except in the case where many eggs are deposited at once. Thus, larval ages usually vary in naturally oviposited trees, and this is thought to account, in part, for the fluctuations in mortality when B. bassiana was applied in field.
In the present experiment, we successfully prepared logs with larvae of the same age by limiting oviposition to one day, and could obtain results showing that when the fungus was applied to the bark, more larvae from eggs laid in August were killed by the fungus than those from eggs laid in July. In other words, mortality of the young larvae was higher than that of older larvae. This demonstrates that the higher mortality obtained from practical field use of B. bassiana is not due to seasonal factors but to the age of the larvae. From these results, the effectiveness of the early application of nonwoven fabric strips with B. bassiana, and also, possibly, the non synchronized larval age as the cause of scatter of the larval mortalities under the same condition of application were experimentally proved.
In this study, larval habitat was not investigated by peeling the bark or by dissecting the wood at the moment of application. However, for the larvae from eggs laid in August, it can be assumed that most were under the bark at the moment of application because many were found there, both alive and dead when we dissected the logs. For larvae from eggs laid in July, it cannot be determined whether they were under the bark or in the wood at the time the fungus was applied. However, some of the larvae from eggs laid in July were thought to be under the bark at the time of application on 18 September, because some infected larvae were found under the bark when the logs were investigated in November.
This study has experimentally confirmed that when nonwoven fabric strips with B. bassiana are used to control M. alternatus larvae, application against young larvae produces a better control effect. However, in reality it will be difficult to find an infested tree with young M. alternatus larvae that are still under the bark, because at such a stage of pine wilt disease, infected trees still have green needles. Moreover, there is the problem that the ages of M. alternatus larvae in a wild infested tree are usually not synchronized, and larvae living under the bark and in the wood are of mixed age.
